Abstract. The correlations between malnutrition, parasitosis (especially helminth infections), and child development are complex, and studies of these interrelationships will allow health agencies to maximize screening and intervention strategies for developing countries. We examined these correlations in a cross-sectional program in Carazo State, Nicaragua. Nine hundred sixty-one children in two age strata (ages 0-24 months and ages 2-10 years) from one urban and three rural communities were screened for intestinal parasites (direct smear and ZnSO 4 flotation), malnutrition, and developmental delays. Nutritional status was determined as weight-for-age (WFA), weight-for-height (WFH), and height-for-age (HFA). Developmental status (normal, suspect) was determined for the four subtests of the Denver II Screening Test. The prevalence of malnutrition was 14.6% (WFA), 8.4% (WFH), and 36.3% (HFA). Parasitosis was more prevalent in children less than 24 months of age with low HFA, whereas in older children low WFA was more closely associated with parasitic infections. Ascaris and Trichuris were more prevalent in malnourished children. On the Denver II, suspect test results in all four categories (language, social, gross motor, and fine motor) were associated with low WFA, and suspect language tests were associated with both intestinal parasites (P ϭ 0.0003) and Ascaris infection in particular (P ϭ 0.044). Developmental disabilities are a significant and frequently undetected health problem in developing countries, and malnutrition associated with intestinal helminth infections may be an important contributory factor for these disabilities.
The relationship of malnutrition and intestinal helminth infection has been well established, although investigators have reached various conclusions regarding age groups at greatest risk and the effect of helminths on growth based on weight or height. [1] [2] [3] The intensity and type of parasitic infection contribute to its effect on nutrition. 2 Unlike most bacterial and viral gastroenteritis, intestinal parasitic infections tend to be chronic. Therefore, any deleterious effect of intestinal parasites on the nutritional state of the host may be prolonged.
Therapeutic trials support the relationship between helminth infection and malnutrition, and recent studies show that treatment of certain asymptomatic intestinal helminth infections is associated with improved nutrition. One-time treatment of Kenyan schoolchildren with anthelminthic drugs resulted in measurable improvements in physical growth (by anthropometry) 4 and physical fitness (by the Harvard Step test). 5 Most work has focused on benefits during the six months following treatment in school age children, the group with the highest intestinal helminth burden in most developing countries. Longer term benefits remain unknown. A few studies have shown that treatment with anthelminthic drugs is associated with improved physical growth in Indian and Kenyan preschool children, [6] [7] [8] even though many of these children had light helminthic infections.
Recently, other studies have focused on the relationship between intestinal parasitic infection, malnutrition, and child development. Investigators from Jamaica demonstrated improved academic performance in children who had been dewormed with anthelminthic drugs, 9 suggesting that helminthic infections are associated with developmental deficits in areas other than physical growth. Studies of developmental quotients in children less than two years of age in India have shown a correlation between slow development and stunting, but not wasting (Waterlow classification system). 10, 11 Malnutrition and/or parasitic infections that affect development and school performance could impact the post-childhood period by altering academic and occupational prospects. The continuum from early child development to school performance has not been well studied in relation to malnutrition or intestinal helminth infections. Therefore, assessment of developmental milestones in younger children with malnutrition or helminth infections would be reasonable as another measurement of neurologic maturation.
Developmental milestones may be assessed objectively using screening tools such as the Denver Developmental Screening Test II (DDST II). 12 The DDST II is very adaptable to a field study because it provides one of two simple results in each category, and because it can be administered simply within 20 min. The test is designed for children from birth through six years of age. The DDST II is available in Spanish from Denver Developmental Associates (Denver, CO). Results from the DDST II are given in four categories (personal/social, fine motor/adaptive, language, and gross motor) as either normal or suspect.
Many questions regarding the interaction of parasitic infection and nutrition remain unresolved. At what age can we first detect an adverse effect of intestinal helminth infection on growth? What is the relationship between parasite burden and the impact of intestinal parasites on growth? What is the impact of parasitic infection on child development in areas other than physical growth? We have started to address some of these questions in this project by evaluating a sample of children 0-10 years old from the Department of Carazo, Nicaragua. The objectives of this study were 1) to identify associations between the prevalence of malnutrition, par- asitic (and in particular helminthic) infection, and DDST-II results suggesting possible developmental delay among children from provincial urban and rural communities in southwestern Nicaragua, and 2) to compare the significance of these associations in children 0-24 months of age and in children 25 months to 10 years of age.
MATERIALS AND METHODS
Nine hundred sixty-one children 0-10 years of age from periurban shantytown communities around Diriamba, Nicaragua (population approximately 50,000) and from three rural communities in the Department of Carazo (La Paz [population ϭ 6,007], El Rosario [population ϭ 4,398], and La Conquista [population ϭ 7,377]) presenting to the Ministry of Health clinics for well child visits or for minor illnesses were enrolled in a cross-sectional survey after parental informed consent. These communities were also targeted for a health education intervention project by Project Hope, an international private voluntary organization, and the survey was done before the beginning of this intervention. The population enrolled was stratified to include 40% children less than two years of age and 60% children 2-10 years of age. The study protocol was approved by the Institutional Review Board of Tulane University Medical Center and by an Ethical Review Committee of the SILAIS of Carazo.
Data were collected by physicians and nurses at 4 health centers, including 1) demographic information; 2) anthropometric measurements, including weight and recumbent length (up to the age of two years) or height (greater than two years); and 3) stool specimen for parasitologic examination, including direct smear and concentration by zinc sulfate flotation. Nutritional status was assessed by weight-forage (WFA), weight-for-height (WFH), and height-for-age (HFA). Stool parasitology was performed locally by technicians trained by Tulane University parasitologists. Ascaris eggs were counted in 2-mg stool smears using the Beaver method. 13 The DDST-II (Spanish version) was administered to children less than six years of age by nurses trained in the test by a DDST-II-certified pediatrician. The DDST-II data were entered into the database, and results in each of the four component categories were scored separately. Suspect results for any of the four component scales (personal/social, fine motor, gross motor, and language) were defined according to standard procedure, with one failure or two cautions resulting in a suspect test on any single scale. Results of questionnaires, parasitologic examinations, and DDST-II tests were entered into a dBASE IV program at Tulane University, and were analyzed using SPSS (SPSS, Inc., Chicago, IL) data analysis software. Data were analyzed using chi- 
RESULTS
Nine hundred eighty-three children from the four targeted communities were enrolled, and complete data for analysis was available in 961 cases. Demographic data describing the study population are shown in Table 1 . Specific age strata defined for subanalyses of intestinal parasite infection and developmental testing included 372 children 0-24 months of age (38.7%), 250 children 25 months to five years 11 months of age (26.0%), and 339 children 6-10 years of age.
Prevalence of malnutrition and intestinal parasitic infections are shown in Table 2 . Assessment of nutritional status was based on a cut-off value two standard deviations below the National Center for Health Statistics mean (i.e., above or below the fifth percentile). Stunting was common (36.3% of children were Ͻ 5% HFA), whereas malnutrition based on WFA (14.6%) or on WFH (8.4%) was less common. The 25 months to six years group demonstrated higher rates of malnutrition than the 0-24 months group based on WFA (10.9% of younger children versus 21.6% of older children) and HFA (31.5% versus 37.6%).
Results of stool exams for intestinal parasites (Table 2 ) demonstrated the presence of a parasite in 40% of children surveyed, with a higher prevalence of intestinal parasites in children more than 24 months of age (48.2%) compared with those 24 months of age and less (27.1%). The most common intestinal parasite identified was Giardia lamblia (in 280 of 961 specimens or 29.1%), followed by Ascaris lumbricoides (72 of 961 specimens or 7.5%), and Trichuris trichiura (37 of 961 specimens or 3.8%). Other parasites were far less common, including Iodamoeba butchlii (two specimens), Strongyloides stercoralis (two specimens), Entamoeba histolytica (one specimen), and hookworms (one specimen). Ascaris and Trichuris were also more prevalent in the more than 24 months of age group. Ascaris infections were generally light, with mean egg counts averaging 6 ova/mg of stool. All Trichuris infections were also very slight, with egg counts Ͻ 5 ova/mg. are shown in Table 3 . Intestinal parasites were more commonly found among children with low WFA (48.9%) versus those with normal WFA (38.5%). The presence of Ascaris or Trichuris in the stool was associated with low WFA in the overall group and in the more than 24 months of age group, but not in the Յ 24 months of age group. Differences in prevalence of Trichuris by nutritional status were especially striking, with Trichuris eggs present in 9.9% of all children with low WFA and in 2.8% of all children with a normal WFA (P ϭ 0.00008). When nutritional status was evaluated by HFA, intestinal parasites were more prevalent among children in the overall group with low HFA, but only marginal associations could be made for the presence of Ascaris in the stool and low HFA. In contrast to the predominance of parasitosis among older children with low WFA, Trichuris was associated with low HFA in the Յ 24 months of age group, although this association was not seen in the older children or the overall group. Although G. lamblia was the most commonly identified intestinal parasite in our population, its presence was not associated with malnutrition by any anthropometric marker. No significant associations between intestinal parasitosis and malnutrition measured as WFH were seen. Relationship between intestinal parasitosis, malnutrition, and developmental screening tests. Table 4 outlines results of correlations between DDST-II results and nutritional status or presence of intestinal parasites. Malnutrition defined as WFA below the fifth percentile was associated with suspect results in each of the four scales of the DDST-II, with greater significance in the more than 24 months of age group in every case. Suspect results in the language scales was also associated with the presence of an intestinal parasite or presence of A. lumbricoides in the overall group, although these associations were not significant in the two age-related subgroups. The presence of Giardia was not associated with suspect findings on the DDST-II.
Relationship of intestinal parasites and malnutrition. Correlations between intestinal parasitosis and malnutrition
Multivariate analyses. Multivariate logistic regression analysis was performed to identify independent risk factors for low WFA, Ascaris infection, and abnormal DDST-II results. Independent risk factors for low WFA were number of rooms in the house (a proxy for socioeconomic status; P ϭ 0.003), presence of Trichuris (P ϭ 0.0005), and suspect gross motor results on the DDST-II (P ϭ 0.002). Indepen-dent risk factors for Ascaris infection are maternal education (P ϭ 0.0015) and low WFA (P ϭ 0.013). Low WFA is an independent risk factor for suspect results in each of the four scales of the DDST-II, and number of rooms in the house (P ϭ 0.003) and presence of any intestinal parasite (P ϭ 0.015) were independent risk factors for suspect results on the language scale. Independent risk factors for a suspect DDST-II on any of the four scales are low WFA (P ϭ 0.0001) and presence of any intestinal parasite (P ϭ 0.015).
DISCUSSION
These data support and expand on previously described associations between helminth infections and malnutrition, and newly described associations between helminthiasis, malnutrition, and suspect developmental screening results are presented. As in any study of associations between potential disease risk factors, mere association does not indicate a causal link, and it is likely that many developmental delays in children from developing countries are multifactorial. However, these associations are intriguing from the standpoint of public health practice, and the impact of both malnutrition and intestinal parasitic infection on developmental delays requires further study. Helminth infections were associated with poor HFA in children less than 24 months of age, whereas in older children helminthic infections were more closely associated with poor WFA. Poor WFA was highly associated with suspect findings on three of four scales of the DDST-II test (language, social, and gross motor) in children 25 months to six months of years, and presence of intestinal parasitosis was also correlated with poor performance on the language scale. Of the four scales of the DDST-II, the language scale is the best predictor of cognitive ability; however, this screening test must be followed by a more sophisticated assessment test to confirm language delays. Many reasons for language delays may be present in this and other pediatric populations, such as hearing deficits, lack of environmental stimulation, and genetic factors, and these factors must be evaluated in addition to assessments of nutritional status and parasite burden. At least in our population, the presence of either malnutrition or intestinal parasitosis would put a child in a high-risk category for developmental delays.
The data presented have certain limitations, some of which are inherent in this type of analysis and others that could be addressed in subsequent follow-up studies. The cross-sectional study design does not allow us to obtain some potentially important information, such as the temporal sequence of parasitosis, malnutrition, and developmental disabilities in any individual child. This information will be crucial to further support the hypothesis that parasitic infection led to malnutrition, and malnutrition was then a factor contributing to developmental disabilities. A longitudinal, cohort study would be necessary to provide this crucial next piece of information. The DDST-II is widely used in many developing countries as a screening tool, although it has only been standardized in the United States and in a few other countries with the resources to select and screen a representative sample of several thousand children. Questions of cultural bias in the DDST-II have occasionally been raised, although these issues are generally minor because most items describe universal tasks that are cross-cultural in nature. For example, only four of 39 potential test items in the language scale category are based on knowledge of specific words, and all of the words tested in these items are commonly used in the local Spanish language.
Several hypotheses may be but forward based on the data presented. First, malnutrition was more prevalent in the older children, who also had higher rates of intestinal parasites, so malnutrition in these children is likely to be related to both poor dietary intake and repeated parasitic infections over time. Second, the resulting malnutrition may be one of several important factors in the evolution of developmental disabilities, through delayed central nervous system development in early childhood and/or decreased physical stamina. The potential role of limited income and poor parental education cannot be denied, although the body of research supporting the link between intestinal parasitosis and malnutrition would suggest that intestinal helminth infection could be a crucial initial step in the evolution of malnutrition. These data suggest that developmental disabilities are a significant and frequently undetected health problem in developing countries, and both malnutrition and intestinal helminth infections are likely to be important contributory factors for these disabilities.
